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Neuroinflammation in mild respiratory COVID‑19: 
insights into cognitive impairment in milder cases
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SARS-CoV-2 infection causes significant and persistent CNS 
inflammation. Different immune challenges may induce 
diverse immunological responses, COVID-19 and pandemic 
influenza have both common and specific immune features.

The peripheral c y tokine storm initiated by SAR S-
CoV-2 infection may subsequently impact and trigger 
an inf lammator y response in the ner vous system[6]. 
Understanding the pathological mechanism of SARS-CoV-2 
affecting the nervous system is critical for selecting potential 
therapeutic targets for patients. Microglia are sensitive to even 
minor changes in the microenvironment within the CNS 
and may trigger subsequent inflammatory cascades, leading 
to secondary immune injury. Fernández-Castañeda et al.[3] 
demonstrated that the neuroinflammation caused by the mild 
respiratory SARS-CoV-2 infection may be a link between mild 
respiratory COVID-19 and cognitive impairment. The CNS 
pathological mechanisms may be caused by the elevation of 
C-C motif chemokine ligand 11 (CCL11) associated with 
COVID-19, which exhibited similar neuropathology caused 
by cancer therapy. Neurotoxic CCL11 causes white matter 
selective microglial reactivity, then elevated CCL11 and active 
microglia lead to deleterious cascade effects on CNS multi-
lineage neuronal cellular function and structure dysregulation, 
particularly on oligodendrocytes, myelinated axons, and 
hippocampal neurogenesis, which in turn causes the cognitive 
dysfunction symptoms in COVID-19 (Fig. 1).

Taken as  a  w hole,  Fernández - Castañeda et  al .[3] 
demonstrated that cognitive impairment following mild 
respirator y COVID -19 is  associated w ith persistent 
neuroinflammation, providing robust animal and human 
data to illustrate the pathophysiological similarities between 
“COVID fog” and “chemo fog” syndromes. As such, anti-
inflammatory strategies targeting microglia or CCL11 
signaling may hopefully prevent and correct this multicellular 

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has been extensively shown to cause many 
neurological sequelae, and cognitive deficits (known as “brain 
fog”) may particularly and widely occur even in individuals 
with mild symptoms[1]. Peripheral hyperinflammation as 
well as central nervous system (CNS) local immune responses 
may synergistically contribute to brain autoimmune injury. 
In addition to the direct neuroinvasion of SARS-CoV-2 and 
nonimmune effects such as severe systemic hypoxemia and 
vascular thrombosis, the central mechanism by which SARS-
CoV-2 accelerates cognitive-related symptoms may be related 
to immune effects[2]. However, the precise neuroinflammatory 
mechanisms of SARS-CoV-2 infection have not been fully 
established. Fernández-Castañeda et al.[3] provided direct 
evidence and unique insights into the potential mechanism of 
cognitive impairment in mild respiratory coronavirus disease 
2019 (COVID-19) cases.

“Long COVID” has become another major public health 
crisis. The “lung-brain axis” has recently received increasing 
attention, and research published in Nature by Hosang et 
al.[4] suggested a close link between the lung microbiota and 
brain autoimmune responses, providing novel evidence that 
peripheral organs influence immune responses in the CNS. 
Inflammation has been considered to play a crucial pathogenic 
role and has been implicated in the neuropathological 
cascade leading to the development of cognitive dysfunction 
symptoms[5]. The inflammatory changes underlying SARS-
CoV-2 post-infection that are associated with cognitive 
impairment, however, remain to be clarified. Fernández-
Castañeda et al.[3] revealed that peripheral respiratory 
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dysregulation. However, the underlying precise regulatory 
mechanism and signal transduction mediating respiratory 
infection-induced microglial reactivity in subcortical white 
matter remain to be fully elucidated. The mechanisms of 
cognitive impairment in the context of other causes, such 
as ageing and stroke, might provide further insight into 
the mechanisms of COVID-19-related cognitive deficits. 
Moreover, given that the role of microglia is very complicated 
and can be both neuroprotective and neurotoxic, the 
determination of the key regulators that can convert microglia 
into an anti-inflammatory phenotype or regulate the initiation 
of microglial activity is urgently needed, as the manipulation 
of these regulators may have the ability to prevent or alleviate 
neuropathology and improve impaired cognitive performance. 
Nevertheless, additional studies should be performed to 
investigate the immunomodulatory effects of peripheral 
infiltrated immune cells, other subtypes of brain immune cells 

such as astrocytes, and cellular neuroimmune interactions 
between the CNS and peripheral systems[7].

An analysis of 2-years retrospective cohort study indicated 
that the increased cognitive deficit after COVID-19 persisted 
throughout the follow-up[8]. Important questions remain that 
whether this pathology is reversible or permanent. Furthermore, 
it requires to be fully determined whether neuroimmune 
injury follows COVID-19 caused by novel SARS-CoV-2 
variants, such as Omicron variants, or breakthrough infections 
in vaccinated individuals, as well as whether infection with 
the SARS-CoV-2 Omicron variant in children could cause 
unique neuropathology. Therefore, studies and comparisons of 
patients in various mentioned situations with long-term clinical 
outcomes will be highly valuable.
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Fig. 1　Neuroinflammation is the central pathophysiology that links mild respiratory COVID-19 to cognitive impairment. 
Respiratory SARS-CoV-2 infection can cause an excessive peripheral inflammatory response to result in the consequent immune 
injury in CNS. The elevated CSF CCL11 and white matter microglial reactivity are associated with multi-lineage cellular dysregulation 
in the CNS, including impaired hippocampal neurogenesis, persistent loss of oligodendrocytes, and myelinated axons. SARS-CoV-2. 
Severe acute respiratory syndrome coronavirus 2; COVID-19. Coronavirus disease 2019; CCL11. C-C motif chemokine ligand 11; CNS. 
Central nervous system; CSF. Cerebrospinal fluid
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COVID-19: Coronavirus disease 2019; CNS: Central nervous system; 
CCL11: C-C motif chemokine ligand 11.

Acknowledgements

Not applicable.

Authors’ contributions

QL and LHW designed the study. QL and CD prepared and wrote the 
manuscript. All authors read and approved the final manuscript.

Funding

This work was supported by grants from the National Natural Science 
Foundation of China (82001240), the Natural Science Foundation of 
Heilongjiang Province (YQ2021H011), the China Postdoctoral Science 
Foundation (2020M670925, 2022T150172), and the Postdoctoral 
Foundation of Heilongjiang Province (LBHZ19027, LBH-TZ2019).

Availability of data and materials

Not applicable.

Declarations
Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details
1Department of Neurology, the Second Affiliated Hospital of Harbin 
Medical University, Harbin 150081, China. 2Department of Periodical 

Press, National Clinical Research Center for Geriatrics, West China 
Hospital, Sichuan University, Chengdu 610000, China.

References

1.	 Hampshire A, Trender W, Chamberlain SR, Jolly AE, Grant JE, 
Patrick F, et al. Cognitive deficits in people who have recovered 
from COVID-19. EClinicalMedicine. 2021;39:101044.

2.	 Crook H, Raza S, Nowell J, Young M, Edison P. Long covid—
mechanisms, risk factors, and management. BMJ. 2021;374:n1648.

3.	 Fernández-Castañeda A, Lu P, Geraghty AC, Song E, Lee MH, 
Wood J, et al. Mild respiratory COVID can cause multi-lineage 
neural cell and myelin dysregulation. Cell. 2022;185(14):2452–68.

4.	 Hosang L, Canals RC, van der Flier FJ, Hollensteiner J, Daniel 
R,  Flügel A, et al .  The lung microbiome regulates brain 
autoimmunity. Nature. 2022;603(7899):138–44.

5.	 Gorelick PB. Role of inflammation in cognitive impairment: results 
of observational epidemiological studies and clinical trials. Ann N 
Y Acad Sci. 2010;1207(1):155–62.

6.	 Mehta P, Mcauley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ. COVID-19: consider cytokine storm syndromes and 
immunosuppression. Lancet. 2020;395(10229):1033–4.

7.	 Wan D, Du T, Hong W, Chen L, Que H, Lu S, et al. Neurological 
complications and infection mechanism of SARS-COV-2. Signal 
Transduct Target Ther. 2021;6(1):406.

8.	 Taquet M, Sillett R, Zhu L, Mendel J, Camplisson I, Dercon Q, 
et al. Neurological and psychiatric risk trajectories after SARS-
CoV-2 infection: an analysis of 2-year retrospective cohort studies 
including 1 284 437 patients. Lancet Psychiatry. 2022;9(10):815–
27.

https://doi.org/10.1186/s40779-022-00431-x
Cite this article as: Li Q, Dang C, Wang LH. Neuroinflammation 
in mild respiratory COVID‑19: insights into cognitive 
impairment in milder cases. Mil Med Res. 2022;9(1):72.




